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Specification 

1 . Title of the Invention 
Memory Devices 

2. Detailed Explanation of the Invention 

Memory devices continuously storing multiple pieces of analog data information, 
in which required number of MIS transistors with non-volatile memory functions that 
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are electronically re-writable are placed in parallel; all drain ends are open ends, all 
gate ends are mutually short-circuited, and source ends are dependent on its own 
transistor but not each other; by giving a certain voltage to the gate ends and by 
giving the sources voltages different each other; by changing threshold voltages of the 
abovementioned MIS transistors by voltage differences between the gates and the 
sources, analog data information entering from source ends is stored. 

3. Detailed Explanation of the Invention 

This invention is related to memory devices that continuously store multiple 
pieces of analog data information. 

Conventionally, in order to store multiple pieces of analog data information, the 
so-called memory array is used. For this memory, there are several kinds including 
semi-conductor memory. By the way, to store analog information, usually, analog 
information is converted into digital information at first by an A / D converter, which 
is then stored in a memory array. Therefore, in order to store multiple pieces of 
analog information, A / D converters and a memory array equivalent to the bits of 
converted digital information are required. In particular, when this analog 
information is input continuously at a high speed, rapid A fD conversion becomes 
necessary; when extremely rapid conversion is required, sometimes the only possible 
way is the conversion done by the use of multiple A / D converters that work rapidly 
placed in parallel. What is particularly troublesome is that after digital information, 
which has been once A / D converted as mentioned above, is stored, the original analog 
information is required upon reading of data. For example, like video signals and 
audio signals, when analog information needs to be stored at a certain level of high 
speed continuously, to meet this requirement, a somewhat complicated system, which 
is also wasteful, is necessary. 

In this invention, these problems are solved; first, devices in which analog 
information is stored are to be provided; second, simple and useful systems in which 
information is stored continuously at a high speed are to be provided. 

The following is the detailed explanation accompanied with the figures. 
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In Figure 1, a P-channel MIS transistor with the MNOS structure is shown as an 
example of non-volatile memory that is electronically re-writable. Being P channel is 
solely for the purpose of explanation and N channel works as well. In the figure, D, S, 
G, and B refer to a drain, a source, a gate and a circuit board, respectively. 1 is made 
from a very thin oxide film, and 2 is made from a nitride film. If, for example, with 
the drain and the source kept open, a sufficiently great voltage difference, which is 
positive against the circuit board of B, is applied to the gate of G, electrons are poured 
from the circuit board in the insulated film indicated by the very thin oxide film of 1 
and the nitride film of 2 in Figure 1, and as a result a threshold voltage of Vth of this 
MIS transistor shifts to a positive value. On the contrary, if a sufficiently great 
voltage difference, which is negative against the circuit board of B, is applied to the 
gate, the electrons that have been poured from these are again released to the circuit 
board and Vth shifts to the negative side. This is the operating principle of the 
conventional MNOS memory. It is apparent from the explanation above that pouring 
and releasing of electrons depend only on the circuit board of B and the gate of G. 
What effects do the drain and source have? In general, a drain and a source are used 
in an open manner. However, here, in the following section, is explained a case 
where a voltage is applied in the PN junction reverse-biased direction against the 
circuit board. . Moreover, it should be mentioned that a drain and a source are 
interchangeable; therefore either will do. Here is described the case in which a 
source and a circuit board are PN junction reverse biased. The same is true for a 
drain and for a case in which a voltage is applied to both of a source and a drain at the 
same time. 

(1) When electrons are poured, there is almost no effect. 

(2) When electrons are released, to make the same V th change, VGS, i.e., the same 
amount of voltage difference between the gate and the source is necessary. For 
example, the source and the circuit board are short-circuited, and to shift Vth by 
-1 V, -30 V between the gate and the circuit board is required; then, when -5 V 
between the source and the circuit board is applied, in order to shift Vth by -1 V, 
-35 V is necessary between the gate and the circuit board. Therefore, this means 
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that a change in Vth depends on VGS. This is shown in Figure 2. According to 
the experiments, a Vth change can be divided in three parts; in Figure 2, the part 
(a) is the part where Vth does not change although VSG changes; the part (b) is 
the part where Vth changes exponentially as VSG changes; the part (c) is the part 
where Vth reached to saturation and Vth does not change anymore. It is 
needless say that in general the part (c) is used. In this invention, the part (b). in 
Figure 2 is used. That is to say, in this part, Vth changes in an analog manner 
with VSG and it is easy to make fine adjustments of Vth, because the change is 
exponential, which is preferable. 

The phenomenon shown in Figure 2 appears to arise from a vacuum layer caused 
by reverse-biased PN junction, resulting in suppression of electron release. 
Conventionally, when sufficiently great reverse bias is added upon selection of 
memory source, suppression of electron release has been observed (equivalent to the 
part of (a) in Figure 2), and it has been known that illumination prevents electron 
release even with a drain and a source opened; all these are said to be due to the 
existence of a vacuum layer, which is consistent with our explanation above. 
Consequently, this phenomenon will bring about the exactly same effects not only on 
the MNOS structure but also on floating gate memory and avalanche memory, when 
electrons are released. 

Moreover, characteristics in Figure 2 are different from convention and novel in 
that- what has been assumed about conditions between a circuit board and a gate in 
the past is clarified in terms of conditions between a gate and a source 1 as will be 
mentioned later, this operating principle is made extremely usable in integrated 
circuits^ and the part of (b) in Figure 2, which has been ignored, is used for analog 
memory functions. 

In Figure 3, one embodiment of the memory devices in this invention is shown. 
In Figure 3, the transistors in parallel, referred to as 3, are memory that is 
non-volatile and electronically re-writable, as already mentioned; the circuit board is 
shared and is connected at the maximum voltage (in P channels like the sturcture in 
Figure 1 and integrated circuits), and all gates are short-circuited and connected to 
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the GATE terminals as shown in Figure 3. In these transistors, to the source of S 
and the drains of D, electric switches of 4 and 6 are connected respectively. These 
electric switches are realized with MOS transistors and the like with ease. The 
switches of 4 at the source end and the switches of 6 at the drain end work differently. 
The other ends of the switches of 4 at the end of the source are all short-circuited to 
become the DATA terminals. 

Here is an example to show how analog information is continuously input to the 
DATA terminals and analog information is stored at the transistors of 3 at a high 
speed and continuously. To attain this, first, all of the switches of the drain end of 6 
are opened. Second, to the DATA terminals, a certain sufficient voltage that is 
negative against the circuit board is applied (when the transistors of 3 are P channels, 
and this condition also applies to the rest of this example). Next, to the DATA 
terminals, continuous analog information is sent without conversion and at the same 
time this continuous analog information (measured 'by duration) is divided into 
certain smaller portions by duration and stored; at the phase that is equivalent to the 
minimum duration at the time the data are divided by duration, the switches at the 
source end of 6 are closed one after another and are opened again. By doing this, 
analog information that is input continuously is placed to the transistors of 3 at their 
source sides from the left to the right one after another as time passes. Because the 
voltage at the GATE terminals remains always constant, transient VSG depends on 
each transistor, and accordingly Vth varies, which is stored in the transistors of 3. 

Here, how this stored analog information is retrieved is shown. This time, a 
certain voltage is placed on the DATA terminals, all the switches of 6 are closed, and 
the voltage required for retrieval is placed on the GATE terminals. When all data 
are needed, all of the switches of 4 can be closed at the same time; when data are 
needed sequentially, switches can be closed at such a phase one after another. By 
setting the GATE terminals in a certain way, from the DATA terminals, electric 
current equivalent to the Vth difference of each transistor flows into each OUT 
terminal. 

On the basis of this invention, continuous input of analog information is easy and 
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because output is in an analog manner, there is no need to convert from A to D and 
again from D to A. As a result, this is notably simple and useful. 

4. Brief Description of the Drawings 

Figure 1 illustrates the structure of conventional MNOS memory. Figure 2 is the 
plot of electron release in conventional MNOS memory. Figure 3 illustrates the 
schematic circuit diagram of a memory device, one embodiment of this invention. 

1. the extremely thin oxide film 

2. the nitride film 

3. MNOS transistors 

4. and 6. switches 

Patent Applicant Citizen Watch Co. Ltd. [Seal] 



[Japanese Unexamined Patent Application S58- 102394(3) contains Figures 1 and 2.] 
[Japanese Unexamined Patent Application S58-102394(4) contains Figure 3.] 
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Abstract of JP581 02394 

PURPOSE:To store plural analog data 
successively by using an area where its 
threshold voltage varies according to an 
exponential function when VGS of 
characteristic during the electron emission of 
an MNOS memory is varied as an analog 
storage operating area. 
CONSTITUTIONS storing plural analog data 
successively, an area where the threshold 
voltage of an MIS type FET varies according to 
an exponential function varies when the 
potential difference VGS between the gate and 
source with regard to characteristics of an 
MNOS memory during electron emission is 
utilized as an analog memory. A switch group 
6 at source terminal of this MIS type FET 
group 3 is opened and a terminal DATA is 
applied with a successive analog signal while 
a terminal GATE is held at a potential much 
less than the substrate; and the switch group 6 
is closed successively and then opened to 
store said analog signal in the FET group 3 
successively. Thus, analog information is 
inputted successively with time. 
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